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AEJSTOACTT TOo g-«foec3i©Ci5EiG iracepCojr CCR-S Its escea- 
tloQ Skt (tCac ©{nfitetoBt etafliry ©ff (pa*faao*y EBCsiraDjp&oQ^irojpte 
JHlHV-fl fiooOoGGO Into CAM* fimrgoO cofiDoa IT© 0te% CCR-S- 
ifie^saSsoa CGEJ-to-ssQfl (Rssfiaa, wo have <2t2W2fl<a!£33 aa occoy 
syoG2a fcoes£ cq dibs feaffecttaa ctf CUfcO" 0, OCIS-i* EflelLa eefiDo 
a SscuflW Farces vHtnao iresecsfctonEia QE|ps3o3E3 fllba 
(gpflSO/rzrpOll <a3WGCai(jK2 (ESov) fitracn o jpatooiry db^3 0 IHH1V-D 
IcoCoto (EJRC&K co» Gtr®a a (btoairatey T <cgQD His3-cdb(ptl£s3 odrate 
(LAIIK M HMd oyo&an, Qpfl20/rap<lfl <£? cCx> "Eysx^^qtyttea- 
lEitettfc^ 59 pxritaaoffy, eyDso^^Caoc^ MBV-floucD flooQatts, 
woo oft Osooa oo Ctoi^3i3fis oo Gtai cff tfbo **siym<2y(ta3-8^^ 
MHV-flLftfl oOrofia, EKCKJ E^-GsxsdSdtecfl Ctssfexa woo faGaMtted fey 
tfcg ^<cC}2gscMcs3 ElAFfiTES (reedbtecfl ©ipsa Gtaflraflta, desp- 
Essofl Y ceQ GnpGreossaO n©s3 secsreflea!]) qek3 DicttPogSiQQS Hej/JUqo- 
EQQtoy pcrticJkiQO 11$ (M21M$) omtfl fey onttfcfcj do CH3XJ» 
- wtereoo UAH Ejav^eeiaQtted (tateta woo 8iasGQ^&fc?3. to &£s£so 

ptrfcnaify flceltoto Sew £jl|yc©32?©(lG2a to a irafcscd offiiik^ (fesp 

dtecnO aaafi&^liI(S3o Focr dlfiXJ osiOStolfoo (tesCtsd bo?^ fits Qiracritesa 
IdblMito eff CbaJtea woo c&sesroSl wilcCi ttEsscQ ^Qrraceat^ c© 

Penetration of the HIV-1 into target cells involves the fusion 
of the vims envelope (Env) with the cell membrane. Simflary* 
celMo-cell fusion of infected cell membranes with those of 
other cells, whkh results in the formation off syncytia, requires 
the expression of the viral Env on the infected cell surface. The 
HI V-l Env glycoprotein (gpl60) comprises an external surface 
domain (gpl20) and a transmembrane anchor domain (gp41) 
which remain associated in a noncovalent fashion. The primary 
receptor for HIV is CD4, a differentiation marker expressed 
on the surface of T lymphocytes, dendritic cells and macro- 
phages (1). It appears that binding of HIV to CD4 induces 
conformational rearrangements in the gpl20/gp41 molecule 
(2. 3) that lead to fusion of the virus and cell membranes (2) 
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by a process that is mediated by the N-teraiinall fusiono peptide 
of gp41. Recent evidence has indicated that different cheirco 
kins receptors collaborate with CD4 to facilitate HA V-l enfcry 
into CD4* target cello. T ceil Iinae-cdapted (TCSLA) sferainas and 
T-cell-tropic, "syncyttarahiriducing,** primcury isolates use 
CXCK-4 (LESTO, fussn) os their corecepttar (4 0 S\ wfesreos 
m&crophage-tropk, so-called 4 *noasys^th2mMnduciKQ^ prf- 
mary isolates principally use COM (5-10). These receptoira 
befong to the family of G psroaein-coupSed, sevetHtomsrafceflBB- 
brane-domain proteins. It has been showira thatt espmessSoia off 
CCR-5 renders CHK* celfo capable of beinQ infected by the 
macrophage-tropct HIV-I strains ADA, BaD (9), JJK^FIU oir 
SF162 (10). Furthermore, SF162 can catase tfice farnmatio® of 
small syncytia in CCR-5* CD4* HeLa cells (10). Simiarty, 
cell-to-cell fusion can be demonstirated by coculture off peH*- 
mtssive cells with HeJLa celBs expressing the Env gfiyccpreiems 
off JR-FL (9). The p-che^noCcines macrophage cmfBaiissiMatory 
protein- 10 (MIP-ip) and RANTES (regulated upoaa activa- 
tion, noma! T cell expressed and secreted), wfeficfia aire potent 
agonists off CCR-5, compedtavefiy tnhibat imffecttea off target 
cells by primary Mil V-l fisolatles at the virus entry stage, amd ca© 
block cell-to-ceU fuscon (8, 9, 11). Althoaagh Exw-cmsdiated 
cell-to-cell fusion has noer been demonstrated for Eaacaoa>2Qage- 
tropic nonsyncyth^-inducing prinaairy ssoSnlea. littfie bs teow© 
as yet concerning the retpjirements for this pfcsrwKnsffloaa, 
parricularfy with respect to its sensitivity to different anti-Eav 
antibodies. 

To study the retirements far HHV-I Env-mcedtated fiussoso, 
we have developed ana assay system based 00 the use off Se&mlaEdi 
Forest virus (SFV) recombinants that esxpiress tlce Enav gjpll20/ 
gp41 either ffroaa the THCLA HIV-Ilm stra^ or tfrosnn a primary 
macrophags-tropec, isolate MIlV-lEoan (12). TheabaBitiesoffthe 
Env proteins expressed) by the recombinants to iisdisce syntcy- 
. tium ffonnatkm in HeLa or HeUa GD4 + /CCR-5* ceills 

were eiEamined in the presence and absence off a variety off 
potential inhibitors of HIV infection. The results off tins study 
are presented belosr. 

MATTEMALS ANED METIHIOIIDS 

Sotsrecs KeogsnQa. Recombinant human 0-chemo&ines 
and anti-0-chemoCune mAbs were purchased from R&D 
Systems. Soluble CB4 was obtained from American Btotech- 

Ths pacer was submitted directry (Trccfe fl) to the Prvte&£n& office. 
Abbrevtattons: Env, envelope; TCLATccO Ihte-cdapted; RANTES. 
regulated upon octivatioo, normal T ceS e&pressed and secreted; 
vUt^ k^^so^^ ^Jararaatorj proteins 1; SFV, Semlibi Forest 
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oologies, Cambridge, MA). The mAbs thai ^ere used raere 
provided by the indicated sources or colleagues, or cams fetraa 
the reagent repository of the Medccal K/sssoirrih GomciS 
(MRQ, or were purchased from commercM GaEjjpfters. M- 
mary ci tattoos for these mAbs and/or refereccsss to paesrcous 
cfaarmerisatHniB of them are as foBows: Q&A-& [MRC (D)fc 
IgGlbl2 Bsurton (14-16)]; CD4-5gG2 [IPKigesafts Ptarmn- 
ceutccoSs, Toirrytown, NY (17, IS)]; 1X22JF5.0J asmt3-0>4 
antftmtfy [MRC (19)]; 2G12 and 2F5 [H. Katmgsr (2D)]; 447-D 
(16-18), 6557-D (21, 22), 670-D (21) amd 65W/5TO (23) (Cel- 
lular Ftodusts); F105 end F240 [L. Ccvcdml (24* 23)]; 62C 
[MRC (2(5)1; 1 1211 (Agroed, Bedford, MAfc aa&cQ K24, IF5-5, and 
41A (Hybrtokfo, Institut Pasteur). fl>7324 © a polyclonal 
sheep antibody from Aalto-Bio Reagents (Dublin) (27). 

CCEI-S EtearovfcroO Vector. The CCR-5 genevas inserted into 
the Moloney muriate leukemia virus (MoJ^V>derwed ret- 
roviral vector LXSH (28) to generate piassoud LRS. The USSH 
vector encodes the gene for hygromyeme resfestnfiftee and sfflo^vs 
expression off transgenes under the control of the MoMLV 
LTR. The OCR-5 insert mis obtained by PGR ossapiafficotcoa 
using Pffu DMA polymerase (Stmtagene) (40 thermal cycles at 
92°C for 15 sec 50°C for 1 min, 75°C for 2 mis). Primere used 
were as follows: 5X-CCR5, 5 ' -CTAGCGCTCGAG ATGG AT- 
TATCAAGTGTC-3'; and 3B-CCR5, 5'-CGGGATCCGT- 
CACAAGCGCACAGATA-3\ 

Xbal and BaraHIl restriction sites were included in the 
primers to allow cloning of the PGR product into LXSH. 
Retroviral! particle* z*uty 'u*£ rf »e LR5 vector were obtained by 
electroporatic ji of the CRIP packing cell lime (29). Because 
Hela cells are (.-wry susceptible to inTrction by amphotrop'c 
murine leukemia vu u?-derived particles, veuir*- o&rticte? «*ere 
pseudotyped with the highly fusogenic vesicular stomatitis 
virus (VSV) Env. Fiftem micrograms off both the CCR-5 
vector plasmkfl and pCMV-VSV-G was used to electroigorate 
10 7 CRIP cells with a single pulse of 280 Van^SfiO pIF in 
serum-free DMEM. CCR-5 vector particles were collected 
48 h posteJectroporation. 

Cdffl njtrrai P4 indicator cells are HeLa-CD4 + cells that 
carry the lacZ gene under the control of the HI V-l LTR (30). 
Because the HBV-1 coreceptor CXCR-4 is expressed on the 
surface of HeLa cells, P4 cells may be infected by T cell- 
adapted MOV- 1 strains and by syncytiiam-inducing HUV-1 
primary isolates. P4 cells were grown in DMEM (GJBCO) 
supplemented with 10% fetal calf serum and 500 pg/ml of 
G418 (GIBCO). 

Ir4 ceils were infected with CCR-5 vector particles in the 
preseiEce of 15 jag/ml of DEAE-deatranL After faygromyrirte 
selection, the transduced P4P cell population was tested for its 
pertnsssavity to infection with the CCR-5-dependent mraroph- 
age-trcpec molecular clone NLAD8 (a gift from E. O. Freed, 
National institutes of Health). P4P ceills were grown in DMEM 
(GSBCO) supplemented with 10% fetal calf senium, 500 jag/ml 
off G408. and 150 jig/ml of hygiomycine B (Sigma). AH fusion 
assays were performed on P4P cells that had been passaged less 
than four times. 

SFV aorcsB&flHUQEias, The Eirv-e needing gene from HIV- 
lexra or HIV-Ium was subdoned from plasmids 133-3 (a gift 
from B. Roviuski; Willowdale, ON, Canada) and pBru respec- 
tively into the pSFVl plasmid (31) as described by Paul et at 
(32) to give recombinants pSFV-BXOS and pSFV-LAI. Re- 
combinant pSFV DNA was linearized by Spzl and purified 
using the Wizard PCR Kit (Promega). Transcription reactions 
were carried out as described (31, 32). Electxoporations were 
performed on BHK-21 cells (10 7 cells/ml) in PBS. To synthe- 
size recombinant virus, 800 pi of cells were missed with the 
transcribed RNA {20 ul (1 |ig) of SFV-Helper 2 RNA 
transcripts plus 20 jil (1 fig) of SFV-UU, SFV-BX08, or 
SFV-LacZ RNA transcripts), rtectroporationi was carried out 
at room temperature in a 0.4 cm electroporation cuvette using 
a Bio- Rod Gene Pulser, with two pulses of 830V/25 at 



Pr&c i^fesL >J<rrt USA M (I$$yp 55S27 
rn£SXEBSstsBS3 rsswsftnflros. Os&b osscs ^^raafl 33SMEc230 a onc^£^s 

b^ cessMKsgpllfxnt to* SO mm c3 csrfl qCl3 c^sns 
petoiBd by Eiltaic^aisi^ (SWS-wCn^ LS. C2r-.c2 
rp^<TC)-Tr^^MpeOE^^^E^ 

ftnIHI 7.4), UC0 GmGySI McOo os^l ®J EaE^ iSBflTA .q5d' : ffipssq c2 
trypsson qs dsEcrSbsd (33). Vcras t^n^g? u ^Ag Gtere^I .cg 

Cells, WlS&g&QSSL ^TO0 dSSS^Sdl GS^ fenwaiWPgTlj^^ ' : ^7^o) 

mAbs 41A assd I?5^ (1 ^3/Eafl) gnfeoiy cs^oiSs^ (^Vr^l 
by bco&BB&yla&ed antikia&^ase IlgG t&sa cr^&i os^9 I^sSssi^DSed 
horserodish perosddose IHI {ye&og&M ABC bfs; VetSss? Ldb- 
oratorGes). 

gyc^ rrn Acsqyoo P4 (OCI&-S") m P41? (OOS.-5*) IHEeLa 
cells, ot a dssssssy of 2 « 10 s esGfc jpsff \^s&9 ina a 24-atMw3l 
plate, were washed ^7it£a \7ttSuRSt bssvssb ond fenlffsgtratfl 

with defective recc^bMaffia SIFV-S-M, ^HMSSW; cr SFV- 
L^xZnta^uI(Sp5mtycf M^c^cma 

cell (as measured oa BHK osIBs). TTfes SFV icciCTfta ots 
retsEGved 30 mm alter 1^ o^ptoto} as^ 

covered witEa DMEM ssg^Ssssxaatod wfflfo S% fetofl cc$? DansEa. 
After 12 h isso&bot&o^ as eslIQa fed tyftfo 
(vol/vol) gKutaroldeSayds o&d saoksd mtlh Gcsj^m. ^sa- 
cytia present were ccusated fmm tff^r5cta2e esgrarfessrs 
a grid composed of 8 squares (l/7th of ifcs toaaH \^ei dsfffcoe) 
distributed evenly throughoult t&e wei. TotoQ wmafcssr of t^sa- 
cytia counted imt coastroil ceills was between 401D aocd BjHUHH 
Inhibitors were added 30 mi® after MectcoaL TSds fpercesutt 
inhibition, compared with cont&oS wells, was cateuBa&ed as a 
function of the concentratEoaa of the spediEc imMbntes. Each 
figure for inhibition of syncytium) foirmatccaa was caEcmtoted 
from at least three independent assays. 

ISESlLJILTrS AMD ©ESOJSSMDFtf 

IHEIV-E Eotf Iftroa^ 

was used to e u pres s H3V gpll60 because thss sysaeaoa ofSais tfi&e 
major advantage of allowing sts&dces without mmtywteinxtm of 
infectious HIV. An addffl&oaal safety feature is that tics re- 
combinant SFV is defective, so onfiy a s&i^rcuHi^c^iiffilEecaEoan 
can be initiated in target! cells. TB&nns, defective SIFV s^canmfeo- 
nants (31-33) were coasstriccted to carry the wmmMwiSfiedl,. 
fu&4erigth gene from either the IPQ^ 
BiE V-l lai strain, or from a primary MV-1qkc3 isol^e mm p3ace 
of the SFV structural proteins (Fig. 1; see A&3&srcs& wad 
Methttds). HftV-laxra was tsolated in 1992 frono a French 

|| j| SrtaauTrt enH^o 1 SRf-*C5LPBR 

I I I l^-g I SFV-tiaZ 

| | | K3M E30Q n12«ra<>1 1 SW-OSO 




BJCC3 cranoonsacsini. .CFcauiF2TSS)iiCTKROAKC 

LAI CtBSiSUmi^mXQSSSBKSMW lWXl .<^»^KC 

Fig. 1. Defective SFV rccombtoants were coastnected by substi- 
tutcoa of the ssq&e&ee off the SFV structural proteins trim those off the 
Escherichia ccS 0-galzctosdzse gese (&cZ) or tfcn^e d tfcs erav gate 
from either HIV-Ilai ct HIV-Ibooo- Stocfes of reco 3nht?innt viruses 
crere cbtaiced by cotnmsfectEcn of the hybrcd ccnstnrctt ahh o helper 
SFV mutant bearing a mutation in the virus sp&e &e&e, crhoh s 
incapcbSe of etccapssdatioa (33). The amino cccd s eqeg n ce off the V3 
loops of HIV- lawn and HIV-iuu are indicated in the Arc?. 
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seropositive individual (BX08) who had been infected for less 
than 8 months. The amino acid sequence of the V3 loop region 
in the gpl20 of this primary isolate is homologous to the 
consensus sequence found amongst French clade B HIV-1 
isolates (12). The BX08 virus grows in primary peripheral 
blood cells, but not T cell lines (12). As target cells for fusion 
studies, we used the previously characterized P4 HeLa-CD4 + 
cells (CD4 + CXCR-4*. HIV-1 LTR-LacZ) (30). For these 
studies, we also constructed the P4P cell line by transduction 
of P4 cells with a retroviral expression vector (L.CCR5.5H) 
carrying the cDNA of human CCR-5 (see Materials and 
Methods). The P4P cell line thus expresses CD4 and both 
known coreceptors of HIV and is readily susceptible to 
infection by both T cell and macrophage-tropic HIV-1 strains. 

The capacity of the LAI and BX08 Env glycoproteins to 
induce cell-to-cell fusion was examined by infecting P4, or P4P 
cells with each of the SFV recombinants (Fig. 2). Although 
both recombinant SFV preparations synthesized gpl20/gp41 
as judged by Western blot analysis (data not shown), or by 
tmmunohistostaining with mAb 2G12 (Fig. 2), only the glyco- 
protein from the HIV-Ilai strain induced significant cell-to- 
cell fusion in P4 cells. By contrast, in P4P (CCR-5*) cells, the 
formation of syncytia was as pronounced in the SFV-BX08- 
infected cells as in the SFV-LAI-infected cells (Fig. 2). These 
data confirm that the gp!20/gp41 from a macrophage-tropic 
primary HIV-1 isolate, which behaves as an nonsyncytium- 
inducing virus in T cell lines, can be as fusogentc as a vims 
representing an syncytium-inducing TCLA strain in cells that 
express the appropriate coreceptor (5, 34). The multiplicity of 
infection (moi) used for these preliminary experiments re- 
sulted in the productive infection of 1 cell in 5, as judged by 
immunohistostaining (Fig. 2). Interestingly, while the number 

P4(CCBQ P4P(CCfW) MP (CCR-5*) 




Fig. 2. Formation of syncytia in CD4* HcLa cells expressing 
CCR-5 and gpl20/gp41 from a macrophage-tropic primary HIV-1 
isolate. P4 (CCR-5 ) (/, 4, 7, and 8) or P4P (CCR-5*) (2. J, 5, and 6) 
HcLa cells (as indicated) were infected with defective recombinant 
SFV-LAI (/. 2 % and 7), SFV-BXQ8 (4. 5, and *) or SFV-LacZ (J). 
Control cells were left uninfected (6). After 12 h incubation at 37°C 
cells were fixed with 0.5% (vol/vol) glutaraldehyde and stained with 
Giemsa (1-6) or reacted with mAb 2G12 (7and 8) as primary antibody, 
followed by biotinylated anti-mouse IgG then avtdtn and biotinylated 
horseradish peroxidase H (Vcctastain ABC kit). The cells were 
examined by microscopy. (X125.) 



and size of syncytia observed per well increased markedly with 
higher moi, syncytium formation with either SFV-LAI or 
SFV-BX08 was abrogated in experiments where all the target 
cells were infected (moi exceeding 10 infectious SFV particles 
per cell, data not shown). These results suggest that down- 
regulation of cell surface receptor expression, which is typical 
of heavily HIV-l-tnfected cell populations ex vivo also oc- 
curred in a virus-free system that uses CD4+ HeLa cells and 
Env proteins expressed by SFV recombinants. 

Sensitivity of Fusion to Soluble CD4 (sCM) and the Nat- 
ural Ligands of CCR-5. To characterize further the require- 
ments for syncytium formation, we examined the capacities of 
the ^-cfle^nokines RANTES and MIP-10 (natural ligands of 
CCR-5), and of sCD4, to inhibit cell-to-cell fusion mediated by 
the two HIV-1 Env proteins. Toward this end, a range of 
concentrations of the potential inhibitors was included in the 
culture medium of SFV-infected P4 or P4P cells. As expected 
from recent reports demonstrating that 0-chemokines block 
entry of macrophage-tropic-Hl V-l (8, 55, 36). BX08 Env-, but 
not LAI Env-mediated fusion was almost completely blocked 
by MIP-10 or RANTES and in a dose-dependent manner (Fig. 
3). Antibodies to CD4 reduced the fusion mediated by both 
Env proteins, as expected if the interaction of a primary Env 
with CCR-5 was facilitated by its interaction with CD4, as 
suggested recently (37, 38). The addition of sCD4 dramatically 
reduced gp!20/gp41 LAI-mediated fusion. It had, however, 
relatively little effect on fusion induced by gpl20/gp41 BX08. 
This observation correlates well with earlier studies showing 
that infection by primary HIV-1 isolates is relatively insensitive 
to sCD4 (39). However, it was recently demonstrated that 
sCD4 efficiently blocks primary isolate gpl20-mediated inhi- 
bition of MIP-10 binding to activated T cells (38). This 
apparent discrepancy in the reported effect of sCD4 may 
reflect the different affinities for sCD4 of cell . surface- 
expressed gpl20/gp41 (as used in the present study), and the 





A-tt-CTM MAb MSF-I 0 (jip/cd) 



Fig. 3. Syncytium formation inhibition assay. P4P HeLa cells were 
infected with either SFV-LAI or SFV-BX08 as described. At 30 min 
after infection, the SFV inoculum was removed and the ecus were 
incubated in medium containing the indicated 0-chcmokines, anti- 
CD4 mAb (1Z2ZF5.C4), sCD4, or CD4-IgG2 at increasing concen- 
trations (final concentrations in the medium are indicated in txg/ml 
except for mAb anlt-CD4 where numbers refer to dilution of ascites 
fluids). 
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purified nwHMDertc gp 1 20 used by Moore and colleagues (3S)l 
Inhibition of BXC3 Env-mediated fbnnstioa off syncytia by 
tetramoic OM~JgG2 at equivalent coEcemttraftmm cmffom&d 
that BX88 Env-mediated fusion in 1P4P cells eras indeed 
CD4-depend2m (Fig. 3) and reflects the greater avidity of 
tetravalem QD4-igG2 (as compared with sOK) ffoo- smrfsce 
expressed @»120/gp41 oligomers (17, 18). 

fgp41L The domains in gpl20/gp41 involved im the imterection 
with and/or CCR-5, were probed using antibodies that 
recognize linear or conformation-dependent epitopes of Env. 
Previous studies on antibody neurotization off HSV-1 have 
shown that neuttralazing antibodies may be separated into 
several das9fs Oace class reacts with epitopes corresponding to 
linear ammo acid sequences in the V3 loop of gpi20. these 
antibodies neutralize TOLA strains very efficiently in a type- 
specific manner. Studies with other mAbs have shown that the 
VI/V2 domain off gpl20 contains multiple neutralization 
epitopes, iirrhiding linear, conformational, or gSycaswfepenident 
species. A third dass of neutralizing antibodies reacts with 
conformational structures of the CD4 binding site on gpl20. 
These latter antibodies appear late in the course off disease and 
show broad, group-specific neutralizing activities, A fourth* 
potentially important, group-specific antibody, is that reported 
by Muster e? at (40) which is directed against the ecto-domain 
of gp41 and which neutralizes many type E3 isolates off MV-1. 

To gain an insight into the topology of the BX08 gpl20/ 
gp4 l-OM/CCR-5 interactions that lead to osil-to-ceH fusion, 
we tested a panel of mAbs whose epitopes have been previ- 
ously defined, and monitored their abilities to inhibit the 
formation off syncytia in P4P cells infected with either SFV- 
LA1, or SFV-BX08 recombinants. As shown in Fag. 4, the 
greatest levels of inhibition of both LAI and BXG8 Env- 
mediated fusion were observed with antibodies that recognize 
discontinuous, conformation-dependent epitopes (Fig. 4X1). 
For example, an inhibition of syncytium formation of greater 
than 70% was observed for either gpl20/gp41 LAI, or @>120/ 
gp41 BXC8, using human mAb 2G12, which is known to 
recognize a conformation-dependent epitope in the G3-V4 
region of gpl20. This site is destroyed by amino acid substi- 
tutions affecting N-!inked gtycosylation sites near the bases of 
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the V3 and the V4 teojs (39). mAb 2G12ta5oEn»EE3aa dhtwos 
to reverse ^j!2MEitoad b^rcfcs l2S S-te5c2M C3ffi?-ll$/ 
OCR-5 raterocQcinES (38). SsnaSlorily, tm MhSsiSljeq sysEtjrttaa 
formation off more ttaa ots c3s:eff^^oMini^fc<S7IWD> 
(&nti-©»120 C-termifinsss), (osati-V3 tap) m& 

Ig&lbl2 (14-16). amAhST©-© Beoogsaisa @pI12IDc3 fiE3CTfcs3 

Off cells in&C&ed with ^ECX^t£sSMKE£diS£ai!S3 nrHl (o^<> ^ 6 , ^i^m{ni^ m 

inducing gmsssairy feofcte OTV- 1 dodsa A fitaKE^a GSi afesteos 



V3 htap imt ctetfcs El vBnosss (15, 23, 23). flgGflto>fl2 u@sa%gsmss 
discontinuous egwtcpes that owariop the QD^WfcM^ tsfcs 03 
gpl2B (15, 13) assd issutrahaes masi pmomy fetrijnftsrt nil a 
concentr&tmn of 1 jag/saaB (15). EiahSid^toc^fiis^it^^TMi ranAb 
F1Q5 (antiCKH binding site) and 447-5232) (antD-V3 tap) ^as 
less dramatic than wish the other saAbs, tat ^tos trejpnn&csflp^r 
in excess of 50% (Fig. 4). sn&Abs EgGbl2, 2G12, FEffiS, oscd 
447-52D have prevtoaiisSy afl bee&i shown! to scsutralias gmsssry 
dade B HBV-1 ffoHatga (40t 41). Emteaestinglly, s^mnffr^nn^ 
effects were also observed with mAb 697-IB (amfli-V2 tap) oa 
both LAI and B3X03 Env-induced ffussons, alatougfii 50% 
fusion inhibition was not repraducsbSy ataain^d wiolh ths 
antibody. mAb 697*D has prevtautsSy been irepoirt®d to 
tralize primary boat cot laboratory isoSaftes (21, 22), but 
has no competitive effect against a primary aHH&oss&ercc gpl20 
in the l2S Wabeled RMP-lg ommpetitcoaa assay (38). U is 
noteworthy that most off the e^omi£s£sm^s^sss^sssii ©nAb3 
are known to recognize epitopes that Giave been sQ^g^sdco the 
neutralizing face off nranomeriSc gp!2H) (42). THbscs ^^Bl^ ^ 
gpl20/gp41 BX08-mediated cell-taHoeO fussosa effiSlcseo^fly. 
One exception was mAb 62c (26), which reacts wMb tdx2 V2 
domain. This antibody has previously been shown to possess 
no neutralizing activity against either laboratory or wild 
HIV-1 strains (26). 

Most anti-HIV-1 i&Abs that -recognize linear epitopes on 
gp!60 that were tested failed to significantly bSocft fftosoon 
induced by either HI V-1lai, or MV-Ibhb ©»12®/@»41 at the 
concentrations used (Fig. 4£) (examples were mAfo 1121, an 
anti- V3 MW mAb that neutralizes laboratory strasns off HE V- 1 
at a concentration off 10 pg/ml; mAb EC24, an anti-V3 SC mAb 
that neutralizes many laboratory strains induding MV-Hdsn, 
HIV-1 la i, and HI V- 1sf2 at concentrations of 100 ^og/ml; mAb 
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Fic. 4. Inhibition of syncytium fonnatkm by antibodies to gpl20/gp41. P4P HcLa cells were infected with cither SFV-lAI or SFV-BX08 as 
described. At 30 rain at jr infection, the SFV mocuhiro was removed and the ecus incubated in medium contaming the indicated antibodies. {A ) 
mAbs targeted to conformational epitopes. (B) mAbs targeted to linear epitopes (final concentrations in fig/mt as mdscoted). 
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41A, an anti-gp41 LAI mAb that has no neutralizing activity 
against HIV-Ilai; and F240, an anti-gp41 mAb). Similarly, a 
sheep hyperimmune serum (D7324), which contains antibod- 
ies to the C5 region of gpl20, was inefficient in the fusion 
inhibition assay. D7324 has previously also been shown to be 
ineffective in the l25 Mabeled MIP-10 competition assay (38) 
and appears to be specific to the nonneutralizmg face of gpl20 
(42). Although some antibodies targeted to linear epitopes 
exhibited a detectable inhibitory activity in our assay (Fig. 40), 
such reactions never reached the levels observed with the best 
conformation-dependent mAbs. Examples include mAb 2F5, a 
human neutralizing mAb, which has previously been shown to 
recognize a conserved immunodominant epitope in gp41 (40), 
mAb ¥55 (an am>V3 MN mAb that neutralizes HIV-1 mn and 
HIV-Ilai) and mAb CRA-1 (an anti-gpl20-C terminus mAb). 
Interestingly, raAbs FSJ and CRA-1 inhibited BX03 Env- 
mediated fusion to a greater extent than LAI Env-mediated 
fusion. It is possible that the higher activity observed for mAb 
FS J is due to the unusually high affinity of this antibody for 
the relevant V3 peptide (Ko of 4 x 10" 11 M for the 
GPGRAFYT HI V-1 M n peptide, as opposed to 3 X 10" 9 M for 
the equivalent sequence of HIV-Ilai (Francois Tfaincard, 
personal communication). This differential affinity might ex- 
plain why mAb F5.5 had no effect on LAI gpl20/gp41- 
mediated fusion (see Conclusion). We cannot explain the 
moderate inhibition of fusion observed with mAb CRA- 1 . This 
mAb exhibited no detectable activity in the l23 l-labeled 
MIP-10 competition assay using gpl20 from HIV-1 JRF l (38). 
The epitope recognized by mAb CRA-1 has been mapped to 
the nonneutralizing face of gpl20 (42). However it is possible 
that this epitope is exposed on gpl20/gp41 expressed on the 
cell surface but not on the monomelic gp!20 used in the 
previous studies, or is exposed following interaction of gpl20/ 
gp41 with CP4 and/or CCR-5. 

IBstecOio® off Ifcw lFtafosi-ttnMbltftQiry Activities 1® RflroHmnm 
Scran SomsipQes. We also examined the effect of a serum 
sample obtained from the patient from whom the BX08 virus 
strain was isolated. Serum obtained 8 months after serocon- 
version inhibited gpl20/gp4t BX08-induced fusion in a dose- 
dependent fashion, but was without effect in assays using 
gpl2U/gp4l LAI (Fig. 5). No detectable inhibition was ob- 
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Fig. 5. Syncytium inhibition assay with serum from patient BXG8. 
P4P HeLa cells were infected with either SFV-LAI or SFV-BX08 as 
described. At 50 min after infection, the SFV inoculum was removed 
and the cells were incubated in medium containing the scrum from 
patient BXQ3 diluted as indicated (lane a); the serum from patient 
BX08 diluted at 1:25 plus 10 fig/ml each of anti-RANTES, anti-M IP- 
la, and antt-MIP-13 mAbs (lane c); or 10 fig/ml each of ami- 
R ANTES. anti-MlP-lo. anti-MIP-10 mAbs plus SO jig/ml mAb 2G12 
(lane d). (Lane b) Control seronegative human serum. 



served in control experiments using standard HIV-1 seroneg- 
ative serum samples. 

Because the 0-chemokines RANTES, MIP-lo, and MDM0 
have been identified as HlV-suppressrve factors that are 
secreted by CDS* T lymphocytes in HIV-positive individuals 
(11), their possible roles in syncytium inhibition in BX08 serum 
were determined by repeating the fusion-irihibatton experi- 
ment in the presence or absence of a mixture of antibodies to 
RANTES, MXP-l©, and MBM0. Antibody concentrations of 
10 pg/ml reduced BX03 serum inhibitory cctivity by about 
50% (Fig. 5). However, their presence in the fusion assay did 
not affect fusion inhibition with human mAb 2G12, suggesting 
that their effects were specific. The concentration of anti- 
chemo&ine antibodies used was sufficient to totally reverse 
0-chemo!diie-mediated inhibition of BX08 fusion using 160 
ng/ml of MI1P-10 and RANTES (data not shown). The 
concentration of RANTES in the BXQ8 serum, as measured by 
ELISA, was 50 ng/ml, a concentration that correlates well with 
the level of anti-chemotdne antibody-sensitive inhibition ob- 
served in this experiment and with those reported in several " 
previous studies ( 1 1, 43, 44). Thus, the inhibitory activity of the 
patient's serum on BX08 env-mediated cell-to-cell fusion was 
most likely due to the mixed effect of the presence of 0- 
chemokines and antibody. 



Here we have described a sensitive assay system for the analysts 
of CCR-S-dependent, CD4*-dependent cell-to-cell fusion me- 
diated by Env proteins from a primary HIV-1 isolate. Because 
HeLa cells naturally express CXCR-4, the ability of Env 
proteins from primary isolates to induce fusion in P4 or P4P 
cells allows their rapid characterization as T, macrophage-, or 
dual-tropic It is worth noting that the fusion assay described 
here mimics the entry of HIV-1 particles into target cells. 
Syncytium formation in our system was inhibited to the 
greatest extent by mAbs to conformation-dependent epitopes, 
rather than by the mAbs to linear epitopes that were tested in 
this study. Because several of these antibodies to linear 
epitopes have previously been shown to neutralize some 
HIV-1 isolates, the apparent lack of fusion inhibitory activity 
observed here might imply that they act at a step subsequent 
to fusion. However, several other antibodies to linear deter- 
minants (especially in the V3 loop) have previously been 
proven also to be powerful inhibitors of fusion (see, for 
example, ref. 45). Thus it is likely that the lack of activity of 
certain of our mAbs results from a restricted-type specificity, 
and that inhibition of fusion would indeed be passible with 
isolate-speciftc, high affinity antibodies to linear epitopes. 
Nevertheless, it has recently been shown that conformation- 
dependent neutralization epitopes recognized by antibodies 
such as IgGlbl2 are major epitopes on virions and infected 
cells, in contrast to recombinant gpl20 on which weakly 
neutralizing epitopes predominate (46). Interestingly, we de- 
tected significant neutralizing activity with certain mAbs (e.g., 
CRA-1 and 697-D) that had no activity in the ,25 B-labeled 
MIP-10 competition assay (46). We believe that these differ- 
ences highlight the importance of using native oligomeric 
surface-expressed gp!60 from primary isolates as neutraliza- 
tion targets rather than the monomeric, soluble forms of gplrtO 
or gpI20 that have been used predominantly to date. In this 
respect it is interesting to note that all conformation- 
dependent mAbs capable of cross-dade recognition of surface 
expressed gpl20/gp41 (21) that we tested were efficacious in 
the fusion inhibition assay. 

In addition, the fusion inhibition assay is sufficiently sensi- 
tive not only to detect but also to differentiate between Ab- and 
0-chemokine mediated inhibition with a human serum sample. 
The finding that almost 50% of fusion inhibitory activity with 
the BX08 serum could be attributed to /9-chemokines under- - 
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scores the risk that serum neutralization titers determined an 
primary virus isolates grown on peripheral blood OKNKXBudear 
cell by dasstal infection inhibition assays might be artificially 
elevated. We suggest that IgG purified to serum samples 
might provide a more reliable means of detenuming Ab- 
mediated iohibation of fusion with prsmary HEV-8 isolates. 

Finally, green the sensitivity of the assay critb human sera, it 
will be interestisig to compare the syncytium imhibitKKa activity 
with the neutralizing activity of reference serum saropSes and 
to screen sera from vaccinated volunteers arod animals. Toward 
this end, we are currently expanding the approach described in 
this paper by expressing a number of Em proteins of primary 
isolates from other HHV-I dades. TThe ability to distinguish 
between antibody- and 0<hemofeir%-roediatedl inhibition in 
such samples (using anti-0-chemokiiae antibodies) should 
prove useful in the quest for correlates of vaccine-induced 
protection and of HIV-1 disease progression. 
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